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Abstract
The present investigation describes the construction and experimentation of 
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in Computational Fluid Dynamics (CFD). For Absorber A with rectangular 
cross section and Absorber B with circular cross section, water temperature 
was calculated using solar radiation and ambient temperature measure-
ments showing increases of up to 62.5°C for both absorbers. The maximum 
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simulation values. With the simulation results the Reynolds numbers were 
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turns out to be more uniform, which results in more ducts transferring heat 
ȱȱ ȱĚǯ
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Introduction
Solar energy collection as a topic of renewable energy 
has been the primary interest of many researchers for 
the past two centuries, because it can reduce the cost of 
ȱ ȱȱȱȱŝŖƖǯȱȱĴȱ ȱ
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ȱȱ ȱ¢ȱǰȱȱȱȱ-
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array modules are used. Design and validation were 
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velocity varies, validating the simulation results by 
ǯȱ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bow-shaped geometry working with the Reynolds 
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in a parallel-plate absorber which would be very simi-
lar to one single channel of Absorber A in this study. 
Evaluating the separation between the plates to deter-
ȱȱĜ¢ǰȱ	ȱȱȱ-
ȱ ȱ ȱ ȱ ȱ Ĝ¢ǯȱ 
 ǰȱ
reducing the separation between the plates also de-
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surface exposed to solar radiation.
The main objective of this research is to evaluate the 
performance of two types of absorbers: One with pipes 
and the other with rectangular ducts, through the con-
struction, experimentation, theoretical formulation and 
ȱȱȱĚ ȱȱȱǯ
Experimental
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nized steel sheet. The joints were sealed with silicone to 
prevent air leakage and the inner part was covered with 
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channels were welded to two heads of galvanized pipe 
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sorber painted with fast dry black paint. Absorber B 
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Resumen 
La presente investigación describe la construcción y la experimentación de dos ab-
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ȱ ¤ȱ ȱ Ěȱ ȱ ǻǼǯȱ ȱ ȱ ȱȱ ȱ àȱ
transversal rectangular y el absorbedor B con sección transversal circular, la tempe-
ratura del agua se calculó utilizando la radiación solar y las mediciones de tempera-
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Descriptores: 
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 VLPXODFLyQHQ&)'
 WUDQVIHUHQFLDGHFDORU
 UDGLDFLyQVRODU
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ating the mesh shown in Figure 2.
System equations
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sorption of solar energy in the glass, the radiosity for 
the absorber is: Jŗ = Eŗ and the energy supplied to sur-
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For the global system, the absorbed solar energy must 
in the end be transferred to the exterior of the glass by 
convection and radiation
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The lost radiation through the outer surface of the 
glass is
    2Ř Ř ř Ř Ř
2ŗ
b b b e
rad
q E E E J

Hº  H   »  H¼  (5)
The heat exchange from the absorber to the working 
Ě
 ŗ Ŗ
,
,
 
ŗa bs rad
a b w
T Tq q
x 
k h
ª º« »º º « »  » » « »§ ·'¼ ¼ « »¨ ¸¨ ¸« »© ¹¬ ¼
 (6)
Finally obtaining TŖȱ , which is the temperature of the 
 ȱĚȱǻ
ǰȱŘŖŖŗǼ
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The independent parameters included are the Reyn-
olds number and the geometry of each Absorber. The 
Reynolds number is based on the hydraulic diameter: 
 h
v D
Re
U P ȱȱ ǻŝǼ
For the geometry of Absorber A
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For the geometry of Absorber B, Dh is the diameter of 
ȱŖǯŖŗŘŝȱȱȱȱǻȱet alǯǰȱŘŖŗŖǼǯ
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thousands of calculations. In these complex situations it 
is almost impossible to manually do the calculations. 
ȱȱȱȱĚȱȱȱ
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relations are often solved numerically with a computer. 
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and energy conservation.
The CFD software tool can replace integrals and 
partial derivatives with discretized algebraic forms, 
 ȱȱ ȱ ȱ ȱȱ ȱ ȱȱ ȱęȱ
ȱ ȱ ȱ Ě ȱ ȱ ȱ ǰȱ ȱ ȱ
ȱǻȱȱǰȱŘŖŗŖǼǯ
Test conditions
3URWRW\SHGDWD
ȱ¡ȱ ȱȱȱ¢ȱŘŖŗŖǰȱ
ȱȱ¢ȱȱȱȱȱÇǰȱȱȱ·ǰȱ·¡-
ǲȱȱȱȱŘŖǚȱŘřȂǰȱşşǚȱśşȂȱǰȱ ȱȱȱ-
diation levels during the year. The collectors were side 
¢ȱȱ ȱȱȱȱȱȱȱȱ-
tude for both collectors. Between the thermo tank and 
ȱȱȱȱ ȱȱȱȱȱŖǯŘśȱ
m to prevent the return of water overnight according to 
Rudnick et alǯȱǻŗşŞŜǼǯ
Solar radiation was measured with an Eppleypyrheli-
ȱȱǰȱȱȱȱȱȱȱȱ
)LJXUH&RQWUROYROXPHIRUPHGE\WKUHH
VXUIDFHV
557
Marroquín-De Jesús Ángel, Olivares-Ramírez Juan Manuel, Jiménez-Sandoval Omar, Zamora-Antuñano Marco Antonio, Encinas-Oropesa Armando
Ingeniería Investigación y Tecnología, volumen XIV (número 4), octubre-diciembre 2013: 553-561 ISSN 1405-7743 FI-UNAM
ŖȱȱŗŚŖŖȱ–2ǰȱȱȱȱȱȱȬŗǯȱȱ-
ȱȱ ȱȱ ȱȱȬśřśȱȱ-
tor. With the radiation and ambient temperature data, the 
heat transfer model was solved to determine the working 
Ěȱǯȱȱȱȱ ȱȱȱŚǯ
Water temperature was measured at the zenith time, 
 ȱȱȱȱȬśřśȱȱ ȱȱȬŘřŘȱ
communication port, programmable sampling rate and 
ȱ Ȭȱ ȱ ¢ǯȱȱ  ȱ
ȱȱȱǰȱ ȱȱŗȱ ȱȱ
ȱȱȱȱȱȱŝȱȱȱȱǰȱȱ
rest of the points were distributed evenly throughout 
each channel or pipe (depending on the absorber). Fig-
ure 5 shows the typical temperatures reached on chan-
ȱŗǰȱŜǰȱȱŗŖȱȱȱȱȱȱŗǰȱŜǰȱȱşȱȱ
Absorber B.
A Blue-White®ȱĚ ȱǰȱ ȱȱȱ
ȱŖǯŚȱȱŚǯŖȱȦǰȱ ȱȱȱȱ ȱ
the collector and the thermo tank. The temperature of 
the water contained in the thermo tank was measured 
 ȱȱȱȱȬśřśǯȱȱȱȱ ȱȱ
Figure 6.
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Flow analysis was developed in CFD considering: The 
general domain as water, a Thermal Energy process, 
ȱȬΉȱǰȱȱŞŖŖȱȦ2ȱȱĚ ȱȱȱ ǰȱȱŗŘǯŗŝȱ
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Results and discussion
7KHUPDOSURILOH
With the solar radiation and ambient temperature data 
applied to the theoretical heat transfer model the water 
temperature is obtained. The results are shown in Figure 
Śǯȱȱȱȱȱȱ ȱȱ¡-
mental data shown in Figure 5. The water temperature is 
similar in both absorbers according to the theoretical 
ǻȱŚǼȱ ȱ¡ȱ ǻȱśǼȱ ǯȱȱŞȱȱ
variation is noticed in the experimental results when 
measuring the temperature between the inlet and outlet 
water for both absorbers. The maximum variation be-
 ȱȱȱřǯŚȱȱȱȱǯȱȱȱ
low temperature increases according to the thermal test-
ȱȱȱȱȱȱȱěȱȱȱ
ǯȱ
 ǰȱȱĚ ȱȱȱǻȱŜǼȱ
 ȱěȱǱȱȱȱȱȱȱȱȱ
Ě ȱȱȱȱǰȱĴȱȱȱȱ
the water contained in the thermo tank, which repre-
ȱȱȱĚ ȱȱȱȱǯȱǰȱ
if the temperature variation between ducts for both ab-
sorbers is similar, this could mean that the amount of 
Ě ȱȱȱěȱ¢ȱȱĚȱȱȱȱ-
¢ȱ¢ȱ¢ȱȱěǯ
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WHPSHUDWXUHPHDQLQWKHUPRWDQNZLWK$EVRUEHU%
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One of the CFD software functions is measuring the ve-
locity at any location of the designed geometry. A simu-
ȱ ȱȱ¢ȱȱĚ ȱȱŚśȱȦȱȱŝŖȱȦǰȱ
registering the velocity values for each simulation re-
sult. The Reynolds number for each registered value 
was calculated. The results for Absorber A are shown in 
ȱŞǯ
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ȱ  ȱ ȱ ŗȱ ȱ ȱ ŗŖȱ ȱ ȱ Śśȱ Ȧȱ
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ěȱȱşŖȱǯȱ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ȱŞǰȱşȱȱŗŖǯȱǰȱȱȱȱȱȱ
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ȱȱȱȱȱȱȱ¢ȱ¢ȱȱȱřȱ
channels from left to right in Absorber A.
For Absorber B, the Reynolds numbers are higher 
ǻȱ şǼȱ ǰȱ ȱ ȱ ȱȱ ǰȱ
the velocity is higher compared to Absorber A. The 
ȱȱȱ¢ȱȱ ȱȱŗȱ
ȱȱşȱȱȱĚ ȱȱŚśȱȦȱȱŘŘȱǰȱȱȱȱ
¡ȱȱĚ ȱ ǻŝŖȱ ȦǼȱ ȱěȱ ȱ řŜȱ
units. Therefore, it will have similar performances for 
all pipes, each of them transferring similar amounts of 
heat to the thermo tank. This isa possible reason why it 
ȱ ĴȱĚ ȱȱ ȱ ¢ǰȱ ȱ -
perature values at the thermo tank, due to the possibil-
¢ȱȱĴȱĚȱȱǯ
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Selmi et alǯȱǻŘŖŖŞǼȱȱȱȱȱȱ-
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housing with a glass cover. The heat absorber was com-
posed of the copper pipe and a sheet of aluminum with 
ȱ¢ȱȱȱȱĴǯȱȱȬȱȱ
collector was exposed to sunlight radiation to heat up 
 ȱ ȱȱȱĚ ȱȱśŚŖȱȦ2ǲȱȱ ȱ-
ȱȱ¡¢ȱ ȱřŘŜȱȱȱȱ-
ȱȱřŘŝȱǯȱȱȱȱȱȱĚ ȱȱ
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ȱȱȱ¢ȱȱȱȱě-
ences between the materials used in the construction of 
the prototype and design considerations. For his analy-
ǰȱȱȱȱęȱȱȱȱȱȱ
CFD results. On this basis, CFD is considered a consis-
tent solving method for this research work.
Fan et alǯȱ ǻŘŖŖŝǼȱ ȱ ȱȱ ǻ¡-
perimentation and CFD simulation) of a U-type solar 
ǰȱ ȱ ȱ Ě ȱ ȱ ȱ ȱ Ȭ
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velocity characteristic curves show similar performanc-
ȱȱȱ ȱȱȱŞǰȱȱ ȱȱȱȱ
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amount of ducts). For the other half, a mirror view of 
such curves can be considered because Fan used a U-
¢ȱǰȱ ȱȱ¢ȱȱȱȬ¢ȱǯ
In the experimental work for Absorber A, the water 
ȱ ȱ ȱ ȱ ȱȱ Ĵȱ ȱ
ȱȱŗřȱȱȱȱ£ȱǰȱ ȱĵȱet al. 
ǻŘŖŖřǼȱȱȱȱȱȱŗŚȱǯ)LJXUH5H\QROGVQXPEHUYHUVXVSLSHIRUDEVRUEHU%¸OK+OKƑOKżOK×OKǻOK
Analysis of Flow and Heat Transfer in a Flat Solar Collector with Rectangular and Cylindrical Geometry Using CFD
Ingeniería Investigación y Tecnología, volumen XIV (número 4), octubre-diciembre 2013: 553-561 ISSN 1405-7743 FI-UNAM560
Conclusions
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performance of two absorbers from experimental data. 
The calculated and simulated values show consistency 
 ȱ ȱȱ ȱ ȱ ȱ ȱ¢ȱěȱ
authors as well. The calculated values of water tempe- 
rature for a typical day are similar for both absorbers. 
In the experimental data for Absorber A the highest 
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for each absorber were calculated from the experimen-
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Nomenclature
A surface área, m2
Dh hydraulic diameter, m
Ebȱ ȱ ǰȱȦ2
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Jȱ ¢ǰȱȦ2
kȱ ȱ¢ȱȦ2.°C
Re Reynolds number (–)
v velocity, m
W channel width, m
̇x wall thickness, m
*UHHNV\PEROV
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Ή2 emissivity
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